This study explores the uncertainty introduced in global assessments of coastal flood exposure and risk 17 when not accounting for water level attenuation due to land-surface characteristics. We implement a 18 range of plausible water-level attenuation values for characteristic land-cover classes in the flood 19 module of the Dynamic and Integrated Vulnerability Assessment (DIVA) modelling framework and 20 assess the sensitivity of flood exposure and flood risk indicators to differences in attenuation rates. 21
attenuation with distance from the coast, and Vousdoukas et al. (2018b) who, for the Iberian 48 peninsula, adopted a modified version of the bathtub approach that also considers water volume. The 49 use of simplified methods for assessing flooding is primarily related to difficulties of using 50 hydrodynamic methods at broad scale, namely the limited availability and large volume of the 51 necessary high-resolution input data; and the prohibitive computational costs, which render 52 hydrodynamic modelling applications impractical at global scales (Ramirez et al., 2016) . Not accounting for hydrodynamic processes in global models can, however, lead to overestimation of 69 flood extent and water depth. Hydrodynamic models capture processes that are not included in global 70 models, e.g. the effects of surface roughness (both natural and anthropogenic) and channel network 71 density and connectivity (and its effect on landscape continuity) on the timing, duration and routing of 72 floodwaters. For example, inundation extent has been shown in some cases to significantly decrease 73 Nat. Hazards Earth Syst. Sci. Discuss., https://doi.org/10.5194/nhess-2018-359 Manuscript under review for journal Nat. Hazards Earth Syst. Sci. To our knowledge, there is no study that has explored the uncertainty introduced into global models 76 by not accounting for water level attenuation due to hydrodynamic processes related to surface 77 roughness. This paper aims to address this gap. We derive a range of plausible water-level attenuation 78 values from existing literature and implement them in the flood module of the Dynamic Interactive 79
Vulnerability Assessment (DIVA) modelling framework (Hinkel et al., 2014 calculation based on elevation and population data and the probability distribution of the 112 hazard (i.e. sea flood heights and their probability of occurrence); and 113 5. Expected value of annual damages to assets (hereafter, flood damage) (US $), a calculation 114 based on elevation, population and GDP data and the probability distribution of the hazard 115 (i.e. sea flood heights and their probability of occurrence). 116
For each coastline segment, a cumulative exposure function for area and population that gives the 117 areal extent (hydrologically connected to the sea) and number of people below a given elevation was 118 constructed. Damages to assets were assessed using a depth-damage function with a declining slope, 119 with 50% of the assets being destroyed at a water depth of one metre (Messner et al., 2007) . 120 121
Coastal Elevation and Rate of Water level Attenuation 122
To simulate the effect of different values of attenuation at the broad scale, we implemented a stylised 123 elevation profile to represent the process of water level attenuation. We assumed that water levels 124 decrease at a constant slope (α) with increasing distance from the coastline. Location-specific coastal 125 profiles for every coastline segment were based on floodplain areas contained within the DIVA 126 database. The database reports total land area within different elevation increments (<1.5m, 1.5-2.5m, 127 2.5-3.5m, 3.5-4.5m, 4.5-5.5m, 5.5-8.5m, 8.5-12.5m, 12.5-16.5m) for each coastal segment. The 128 elevation dataset that was used for estimating floodplain areas and developing the segment elevation 129 profiles is the Shuttle Radar Terrain Mission (SRTM) Digital Elevation Database (Jarvis et al., 2008 ) 130 which has a vertical resolution of 1m and a spatial resolution of 3 arc seconds (~90m at the equator). 131
We approximated the average coastal profile for every segment by assuming that elevation 132 continuously increases with distance from the shore. Starting with the lowest elevation increment, the 133 floodplain areas of all elevation increments were cumulatively summed to retrieve the total area below 134 a certain elevation. The total areas were then divided by the segment length to derive the inundation 135 length of the respective floodplain (dxi). To evaluate the representativeness of the assumption of 136 continuously increasing elevation with increasing distance from the shore, we used the original SRTM 137 dataset and calculated the Euclidian distance of each cell to the nearest coastline for every pixel. Mean 138 distances from the coast were calculated for each of the floodplain areas of each segment. 139
Subsequently, we compared these mean distances with the respective average floodplain elevation 140
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We then adjusted the coastal profile using a range of possible attenuation rates that represent 156 different water surface slopes. Depending on the applied value for water level attenuation, the slope 157 (α) of the inundating water surface was employed to modify (incline) the coastal profile. Based on this 158 slope, the coastal profile is thereby elevated by the amount of the water level reduction (hxi) computed 159 at a distance dxi ( For the sensitivity analysis we used a range of attenuation rates that embraces the values reported in 172 the literature (Table 1) , where water level under storm conditions has been shown to decrease with 173 distance from the coast. For reviewing the literature we employed the ISI Web of Knowledge and based 174 our search on the keywords "surge", "attenuation", "water-level". We selected studies that directly 175 reported values of water level reduction with distance and did not include studies focussing on wave 176 attenuation. We must note that the aim was not to conduct a systematic literature review but rather 177 to identify a characteristic range of values that could support the sensitivity analysis. category results in an area reduction of 24% while the use of medium attenuation rates results in a 232 reduction of 33% (see Table 3 ). Interestingly, the number of people in the 1 in 100-year floodplain 233 reduces to 97 million when considering high attenuation. This is a reduction of 51%, which is similar to 234 the respective reduction in assets (53%) but higher than the reduction in area (44%) exposure. This 235 result reflects the high population density near the coast that has been reported in previous studies 236 (e.g. Neumann et al., 2015) . Flood damages from the 1-in-100 year event are reduced in similar 237
proportion, totalling a reduction of more than 1.9 trillion US$ (54%) globally, when considering 238 maximum attenuation rates. 239
The reduction in impacts is not uniform across the globe and varies considerably between different 240 countries. Some examples are given in Table 4 scenario RCP 4.5; 50 cm by 2100), this reduction amounts to 31% and 40% of the total exposed area 261 at medium and full water level attenuation respectively. The relative reduction is larger (up to 60%) 262 for the high SLR scenario compared to the medium-, low-and no-SLR scenarios. Importantly, the 263 overall difference in the extent of the area of the 100-year floodplain between the no-and high-SLR 264 scenarios is of a similar order of magnitude to the difference in area extent between the no and low 265 water level attenuation rates, under any scenario. This indicates that when assessing area exposure 266 accounting for even relatively moderate rates of water level attenuation can be of similar importance 267 to the differences that result from different scenarios of SLR. This analysis, therefore, strongly suggests 268 that uncertainties related to the omission of this factor in global assessments of flood risk are of similar 269 magnitude to the uncertainties related to the magnitude of SLR expected over the 21 st century. 270 Low attenuation (Table 1) , leads to a reduction of more than 30% in the exposure of population in 276 2100, under the high SLR scenario, bringing the number of people at risk in the 100-year floodplain 277
Nat For example, the use of a low attenuation rate results in a 34% reduction in damages to assets in 2100 297 from the 1-in-100 year flood. The larger decrease in damages due to water level attenuation compared 298 to population and area exposure is due to the fact that, besides the decrease of the flood area extent, 299 water level attenuation leads to an additional reduction of flood depth with distance from the coast. 300
As water depth is an important parameter for calculating damages to assets (Thieken et applying a constant slope to account for water level attenuation is a strong simplification, since this 344 will vary between different storm events, but also under the influence of SLR. Nevertheless, given the 345 very high sensitivity of the outputs to even small changes in water level reduction rates; and the 346 obvious lack of sufficient data on the actual effect of different types of surface on attenuating water 347 levels during surges, we suggest that future work needs to focus on quantifying the water level 348 attenuation terms for different land uses. Thus, for example, both Brown et al. (2007) 
